To compare the time trend and seasonal variation in body mass index (BMI) and waist circumference. DESIGN: Continuous monitoring health survey carried out between 1 June 1993 and 31 May 1997. SUBJECTS: A total of 8186 men and 9638 women aged 20-59 y from three towns in the Netherlands. MEASUREMENTS: BMI and waist circumference. Obesity was defined as BMI Z30 kg/m 2 , abdominal obesity as waist circumference Z102 cm for men and Z88 cm for women. RESULTS: Levels of BMI and waist circumference increased between 1 June 1993 and 31 May 1997. Among women, the time trend in abdominal obesity was stronger than that in obesity. Further, levels of BMI and waist circumference were higher in winter than in summer seasons. The seasonal variation was larger for abdominal obesity than for obesity, among both men and women. CONCLUSIONS: The time trend in women and the seasonal differences in both men and women were stronger for abdominal obesity than for obesity. Surveys on BMI and waist circumference are only comparable if season is taken into account. Furthermore, the waist circumference is a more sensitive indicator of variations in lifestyle and body composition than is body mass index.
Introduction
Secular increases in the prevalence of obesity are widely reported. 1 The obesity prevalence is increasing worldwide due to changes in behaviours that affect energy-balance. Reports on the increasing obesity epidemic are mostly based on levels of body mass index (BMI) (weight/height 2 ), which is a well-accepted measure for the degree of overweight. The body mass index, however, may not be the best indicator of changes in energy-balance. The BMI is based on body weight, which is composed of fat mass and fat-free mass. 2 Whereas BMI reflects both fat mass and fat-free mass, the waist circumference is a better predictor of percent body fat. 3 Changes in physical activity, for example, lead to changes in both lean (muscle) and fat mass, that were reflected by differences in waist circumference, while body weight remained stable. 4, 5 Consequently, body weight may be less influenced by opposing trends in fat and lean mass, due to decreases in physical activity levels, than the waist circumference. The use of waist circumference is more and more being implemented for diagnosis of obesity and health promotion, but time trends in waist circumference levels are scarcely reported. [6] [7] [8] This study compares the time trends in BMI and waist circumference in Dutch adults aged 20-59 y between 1 June 1993 and 31 May 1997. It was reported from a short-term longitudinal study in the United States that subjects mainly gained weight during the December holiday between Thanksgiving and New Year's Eve. 9 The authors reported that there was a significant increase in body mass during the festive season holiday, that was larger than in other seasons. A Dutch study dating from 1986 reported small seasonal changes in body weight with lower body weights in summer, among 114 young adult women who were followed monthly for 14 months and every 2-3 months for the year thereafter. 10 We do not know of any large-scale monitoring studies on potential seasonal differences in BMI or waist circumference. As the present study has been carried out throughout all seasons, it was possible to study whether seasonal changes in energybalance could be confirmed in a large-scale population study. Time trends in BMI and prevalence of obesity between 1993 and 1997 based on the present data have been presented before, 11 but a comparison between secular trends in BMI and waist circumference and a seasonal variation in BMI and waist circumference have not been presented previously. We hypothesise that secular increases in waist circumference are greater than increases in BMI. Thus, the prevalence of abdominal obesity may increase at a faster rate than obesity. Furthermore, we hypothesise that the seasonal variation in waist circumference is greater than that in BMI.
Methods

Subjects
We studied the time trend and the seasonal variation in BMI and waist circumference using data from the continuous survey the Dutch Monitoring project on risk factors for chronic diseases (MORGEN) project. (Table 2) . Mean values and prevalence rates were calculated for consecutive seasons between 1 June 1993 and 31 May 1997, adjusting for 5-y age-categories, smoking, town and level of education (proc glm, SAS version 6.12). In addition, means and prevalence rates were calculated for all spring, summer, autumn and winter seasons combined.
Results
Mean BMI and waist circumference were higher among men than among women. Obesity and abdominal obesity were more common in women than in men (Table 1) .
Time trend Between 1 June 1993 and 31 May 1997, the mean values of BMI and waist circumference increased clearly in both men
Variation in BMI and waist circumference TLS Visscher and JC Seidell and women (Table 2 ). In men, the prevalence of obesity and abdominal obesity increased equally: obesity by 0.63%-point per year (Po0.01) and abdominal obesity by 0.62%-point per year (P ¼ 0.03) when adjusting for age, town, smoking and educational level. Among women, the increase in abdominal obesity, 1.19%-point (Po0.01) per year, was stronger than the increase in obesity, 0.33%-point (P ¼ 0.10) per year. Adjustments for town and smoking did not alter the ageadjusted changes per year. Adjustment for educational level increased the changes in mean values and prevalence rates. After additional adjustment for body height in men, the increase in abdominal obesity in men was slightly lower (Table 2 ). In Table 3 , the changes in mean BMI and mean waist circumference have been made comparable by calculating yearly changes in terms of percentage change. A different increase in mean BMI and waist circumference could not be detected (Table 3) . Figure 1 shows the mean BMI and waist circumference in consecutive seasons between 1 June 1993 and 31 May 1997. The mean BMI and waist circumference were generally lower in each summer season than in the previous winter season. Figure 2 shows the same patterns for the prevalence of obesity and abdominal obesity. Obesity and abdominal obesity were generally less common in each summer season than in the previous winter season (Figure 2 ). This pattern was more clear for the prevalence of abdominal obesity than for obesity. The only summer in which abdominal obesity was more common in the summer season than in the preceding winter season was the summer of 1994 in men. Table 4 confirms that mean BMI and waist circumference were clearly lower in the summer seasons than in the winter seasons between 1993 and 1997. Also, obesity and abdominal obesity were less common in the summer seasons than in the winter seasons. The seasonal variation in abdominal obesity was larger than the seasonal variation in obesity, among both men and women (Table 4 ). In winter, obesity was present in 1.0%-point (95% CI: À0.9-2.9) more men and in 1.1%-point (95% CI: À0.7-3.0) more women than in the summer. Abdominal obesity was present in 3.4%-point (95% CI: 1.0-5.7) more men and in 3.7%-point (95% CI: 0.0-7.3) more women in the winter than in the summer. Additional adjustment for body height did not affect seasonal differences (data not shown), as body height did not differ between seasons.
Seasonal variation
Discussion
The mean values of BMI and waist circumference and the prevalence of obesity and abdominal obesity increased during the monitoring period from 1 June 1993 to 31 May 1997. Although a different time trend in mean BMI and waist circumference could not be detected, the time trend in abdominal obesity among women was stronger than the time trend in obesity. Furthermore, mean BMI and waist circumference and the prevalence of obesity and abdominal obesity were higher in winter than in summer. The seasonal variation was larger for abdominal obesity than for obesity, in both men and women.
A stronger increase over time in waist circumference compared to the secular increases in BMI was reported from studies performed in adults living in Germany 6 and Sweden. 7 An increase in waist circumference levels was also reported in adults from Finland, but a comparison with changes in BMI was not presented. 8 Recently, a stronger increase in waist circumference compared to BMI was reported in British teenagers aged 11-16 y. 15 To our knowledge, the present study is the first to compare seasonal variations in waist circumference and BMI. BMI and waist circumference increase when energy-intake chronically exceeds energy-expenditure. It is difficult to assess secular and seasonal changes in total energy-intake and energy-expenditure in populations. Large-scale monitoring Variation in BMI and waist circumference TLS Visscher and JC Seidell studies are usually based on questionnaires, and subjects are likely to underreport their energy-intake, particularly when they are overweight or obese. 16 In the Netherlands, the 
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National Food Consumption Survey has been carried out in 1987/1988 and 1997/1998. 17 The surveys showed a 4.5% decrease in reported energy intake (from 9.7 to 9.2 MJ/day) and a decrease in reported energy percent from fat (from 38.5 to 36.0 E%). Reported decreases in energy-intake may reflect a decreased energy-intake in the general population, or increased under-reporting of energy-intake. We are not aware of studies reporting decreasing physical activity levels in the general population. Studies reporting seasonal variation in energy intake and/ or energy expenditure in the Netherlands over the same period as the present study are not available, to our knowledge. A Dutch study performed among 114 young adult women in the 1980s, could not detect a seasonal difference in mean total energy-intake. The intake of fat, however, was larger in winter and autumn, whereas the intake of mono-and disaccharides were higher in summer and spring. The intake of dietary fibre was highest in autumn. 10 From a study on 94 male industrial employees living in Israel, it was reported that these men had an increased intake of animal fat-containing foods such as meat and dairy products in the winter compared to the summer season. 18 Meal size and rate of eating were increased in the autumn among 315 American adults from Atlanta who were Figure 2 Prevalence of obesity (obesity is BMI Z30 kg/m 2 ) and abdominal obesity (abdominal obesity is waist circumference Z102 cm for men and Z88 cm for women) (with standard errors) in consecutive seasons (adjusted for 5-y age-category, town, smoking, and educational level). Variation in BMI and waist circumference TLS Visscher and JC Seidell paid to monitor their food-intake in detail by a 7-day diary. 19 Seasonal differences in physical activity are also reported in the literature. In the earlier referenced study on 114 young adult women from the Netherlands, small seasonal fluctuations were noticed for time spent on walking, running and sports, with highest levels in spring and summer. 10 From a study on 16000 Scottish men and women performed between 1989 and 1992, 20 and the Framingham Offspring Cycle 2 examination (1979-1983) 21 on 3000 adults, it was reported that people are generally more active in summer than in winter seasons. More recently, Matthews et al 22, 23 reported higher levels of household and leisure time activities in the warmer months, based on 24-h physical activity recalls performed in 580 healthy adults from Worcester, USA, and based on accelerometers used in a subsample comprising 62 men and women. Occupational activity did not differ between seasons in men and was lower in the warmer months among women. 22 Seasonal differences in leisure time activity were larger in active men and women than in sedentary counterparts. Obese women reported a smaller summer-related increase in leisure time activity than leaner and more active women. 23 Seasonal differences in body weight as reported in the present study are likely to be due to very small daily changes in energy intake and energy expenditure. It can be calculated that a difference of 0.5 kg body fat over half a year is associated with a daily decrease in energy expenditure or increase in energy intake of about 85 kJ. Changes in behaviour affecting the energy-balance in the order of this magnitude are hardly or not detectable by use of general questionnaires. Mean body height increased during our monitoring period. Adjustments for these increases lead to a smaller increase in waist circumference in men. It was earlier concluded from the same MORGEN study that body height had only small effect on waist circumference. 24 Body height is associated with educational category. 25 As educational level increased during the monitoring period with decreasing participation rates, 11, 26 it could be questioned whether adjustment for body height in the present crosssectional study was appropriate.
There are many examples of biological explanations for seasonal variations in many species, most being animal studies. Somatropine levels in humans (growth hormone) is found to be higher in summers than in winters. 27 Somatropine is involved in increasing lean body mass and decreasing fat mass, by inhibiting glucose uptake and increasing lipolysis, which is compatible with the finding that waist circumference was relatively more reduced in summer than BMI. From a Northern, cross-sectional study, it was suggested that seasonal variation in testosterone levels may be associated with seasonal differences in abdominal obesity, although the potential aetiology was not clear. 28 Animal studies suggest a role of daylight via the neurohormone melatonin, 29, 30 and also leptin, PPRg 31 and cholecystokinin 32 may have a photosensitive influence on food intake. However, the seasonal variation in body weight in animals is opposite to the variation in body weight found in affluent human populations who have a yearlong access to foods. Long daylight (summer) is associated with an increase in available food supply in most natural habitats, which leads to highest weights in the summer. It is inappropriate to extrapolate findings from animal studies to human populations, especially because many studies involved hibernation and migration patterns. Seasonal variations in energy-balance in affluent populations differ greatly from those in poor countries. Energy intake and energy expenditure do depend on food availability and the harvest season, for instance, in rural Beninese women. 33 Although, in Western societies, festive seasons such as Christmas are generally associated with overeating and social acceptance for a large energy intake take is high, food is available in abundance throughout all seasons. And, although physical activity is most enjoyable in summer, when the weather is nice, being physically active is possible throughout the year in the Netherlands. Thus, in affluent societies, seasonal variations in the physical environment seem to affect individual choices but are less restrictive than in poor countries. An important part of the seasonal variation in energy-balance results from individual choice and sociocultural factors related to these seasonal variations in the physical environment.
In the present study, we adjusted for age, smoking, town and educational category. Adjustments for smoking and town did not affect mean values, prevalence rates and analyses on time trends and seasonal variation. When we adjusted for educational level, yearly increases in mean BMI and waist circumference and the prevalence of obesity and abdominal obesity became stronger. The proportion of subjects with lower educational level decreased over time, which can be possibly explained by selective participation. 11, 26 Adjustment for educational level did not affect the analyses on seasonal differences (data not shown) since educational level did not differ between seasons. From the finding that the time trend in women and the seasonal differences in both men and women were stronger for abdominal obesity than for obesity, we conclude that behavioural changes regarding energy balance (food intake and physical activity) over time and between seasons are probably better reflected by changes in waist circumference than by changes in BMI. Changes in food intake affect both BMI and waist circumference. Changes in physical activity, however, may lead to changes in body composition (increase in muscle mass, decrease in fat mass), and thus to a decreasing waist circumference, but stable body weight, and thus stable BMI. 4, 5 The waist circumference is increasingly implemented in the field of epidemiology, clinical practice and prevention programs. Measuring waist circumference has been recommended as a useful tool for health promotion since the measurement of waist circumference is informative, easy, cheap and reliable. 34 Han et al 35, 36 showed that a large waist circumference was associated with symptoms and risks of Variation in BMI and waist circumference TLS Visscher and JC Seidell impairment of health and quality of life, based on the same study population as used for the present study. Our conclusion that changes in waist circumference reflect changes in energy-balance-related behaviour better than do changes in BMI is in favour of a wider use of the waist circumference.
Conclusions
The seasonal variation in levels of BMI and waist circumference should be taken into account in the case of planning or interpreting epidemiological surveys or time trend analyses. We propose that the waist circumference is a more sensitive indicator of variations in lifestyle and body composition than is BMI. Measuring waist circumference is a valuable addition to standard procedures in prevention and treatment protocols and monitoring studies.
